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In t h e  l a s t  year we have made considerable  and 0.32-cm thickness ,  followed by veto  counters.  The 
progress  i n  analyzing the  da ta  from 2 ~ ( p ,  y ) 3 ~ e  s o l i d  angle of the  de tec t ion  system was determined 
r a d i a t i v e  capture  experiment a t  Ep=lOO, 150 and 200 exc lus ive ly  by the  co l l ima to r s  i n  f r o n t  of photon 
MeV. The purpose of t h i s  experiment was t o  produce a de tec to r s .  The t a r g e t s  used were CD2 wi th  th icknesses  
s e t  of high q u a l i t y  cross  s e c t i o n  and analyzing power of 10-20 mg/cm2. The deuterium content  of the  t a r g e t  
da ta  which may u l t ima te ly  lead t o  understanding the  was monitored during the  run by looking a t  2 ~ ( p  ,  ' ) 2 ~  
, r e l a t i v e  importance of s i n g l e  vs. multinucleon r e a c t i o n  s c a t t e r i n g  i n  a AE-E te lescope.  We were a b l e  t o  
mechanisms. The da ta  s e t  may a l s o  provide a t e s t  f o r  achieve a time reso lu t ion  in t h e  t ime-of-flight (TOF) 
t h e  quasi-deuteron mechanism of r a d i a t i v e  capture1 and spectrum with respect  t o  the  cyclotron r f  of b e t t e r  
help  t o  e s t a b l i s h  the  r o l e  of meson exchange cu r ren t s  than 600ps f o r  both y and 3 ~ e - ~ ~ ~ .  This i n turn 
and i sobar  formation f o r  t h i s  process i n  the  IUCF allowed a reduct ion i n  the  background t o  below 4%. 
energy range. 
The experimental procedure was described i n  d e t a i l  
Ep = 150 MeV 
i n  the  IUCF 1982 Annual Report. The experimental CD2 target CH2 target 
apparatus  (see  Fig. 1) detected 3 ~ e  r e c o i l s  i n  132 p C  68 p C  
coincidence with r a d i a t i v e  capture  y-rays. The 
high-energy photons were detected us ing e i g h t  15 x 15 x Random 
0.60 ns 
A 
30-cm3 l ead  g las s  Cerenkov counters placed a t  angles 600 FWHM 
ranging from 0 ~ = 1 7 ~ - 1 5 0 ~  i n  the  lab. The r e c o i l  '0 150 300 450 '0 150 300 450 y TOF y TOF 
p a r t i c l e s  were detected using a segmented range 
te lescope made of p l a s t i c  s c i n t i l l a t o r s  of 0.04, 0.16 
3 ~ e  TOF 3 ~ e  TOF 
i I 
3 ~ e  TOF 3 ~ e  TOF 
Figure 2. Spectra  obtained i n  150 MeV proton 
bombardment of CD2 t a r g e t  ( l e f t )  and CH? t a r g e t  
- 
( r i g h t ) .  
(A) y TOF spec t ra  with r e spec t  t o  t h e  cyclotron r f .  
(b) Charged p a r t i c l e  TOF spec t ra  s o r t e d  with 
condi t ion on the  prompt peak i n  the  y TOF 
spectrum. 
( c )  charged p a r t i c l e  TOF s p e c t r a  a s  i n  (B) but wi th  
Figure  1. Schematic layout  of the  experimental setup. an a d d i t i o n a l  3 ~ e  energy cut.  
7 2 
The events were analyzed o f f - l ine  by pu t t ing  the  
y energy, y TOF and 3He energy cu t s  on 3He time-of- 
f l i g h t  spec t ra  (see  Fig. 2). Background con t r ibu t ions  




during bombardment of a CH2 t a r g e t ,  so r t ed  under the  
same experimental condi t ions  (shown on the  r i g h t  hand 
s i d e  of Fig. 2). 
The preliminary r e s u l t s  of the  cross  s e c t i o n  
measurements a t  th ree  proton energies  a r e  shown i n  Fig. 
3 along with recent  da ta  from TRIUMF a t  200 MeV (Ref. 
2) and data  from Refs. 3 and 4. Cross sec t ions  
measured i n  the  present  experiment a r e  i n  good 
4 
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Figure 4. Analyzing powers f o r  2 ~ ( p ,  y) 3 ~ e  r a d i a t i v e  
Angular d i s t r i b u t i o n  of the  d i f f e r e n t i a l  capture  a t  th ree  proton bombarding energies .  
.on measured i n  t h i s  experiment. The 
r a d i a t i v e  capture  data  (Refs. 2,3)  a r e  compared t o  
pho tod i s in teg ra t ion  cross  sec t ions  (Ref. 4) us ing 
d e t a i l e d  balance. 
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Kadiative capture  i n  few nucleon systems is, by While p ( d , y ) 3 ~ e  i s  i n t e r e s t i n g  i n  i t s  own r i g h t ,  
now, an es t ab l i shed ,  ongoing experimental program a t  t h e  major purpose of t h i s  experiment was the  s tudy of 
IUCF. A v a r i e t y  of physics quest ions  a r e  addressed by the  d ( d , ~ ) ~ H e  r act ion.  The s a l i e n t  f e a t u r e s  of t h i s  
such measurements. For example, the  2 ~ ( d ,  y 1 4 ~ e  r e a c t i o n  a re :  
r e a c t i o n  i s  i n t e r e s t i n g  i n  t h a t  measurements of the  1)  It is  the  s imples t  i s o s c a l a r  process ,  
proceeding v i a  an E2 mul t ipole  t r a n s i t i o n ,  
t ensor  analyzing powers a r e  n a t u r a l l y  s e n s i t i v e  t o  the  
2) Many meson exchange cu r ren t s  do not con t r ibu te ,  
D-s t a t e s  of the  f i n a l  nucleus. because of the spin- isospin  s t r u c t u r e  of the  
react ion.  This f a c t ,  along with  ( I ) ,  should 
We took d i f f e r e n t i a l  cross  sec t ion  vector  (Ay) and s impl i fy  the  t h e o r e t i c a l  a n a l y s i s  considerably. 
t ensor  (Ayy) analyzing power da ta  f o r  deuteron capture  3) The measurement of Ayy should give  a c l ean  
measurement of the  asymptotic normal izat ion of 
a t  Ed = 80 MeV on both hydrogen and deuterium during a t h e  D-state p robab i l i ty  of 4 ~ e .  
f i f t e e n  s h i f t  run i n  October 1983. The l ~ ( d , y ) ~ H e  While i t  has been known f o r  some time t h a t  4 ~ e  
measurements extended the  2 ~ ( p ,  y )3 ~e measurements of possesses a non-zero D-state p r ~ b a b i l i t y , ~  previous 
Exp. a207 t o  lower energies .  I n  add i t ion  the  measurements of the  r e l a t i v e  D- t o  S-s ta te  p robab i l i ty  
l ~ ( d , y ) ~  ~e r eac t ion  serves  a s  a "set-up" r eac t ion  f o r  which r e l i e d  on (d,cx) pick-up reac t ions2  a r e  not 
t h e  more d i f f i c u l t  d(d ,  y ) 4 ~ e  measurement, s ince  the  unambiguous. 
former has a cross  s e c t i o n  which is more than a f a c t o r  4 Ex i s t ing  da ta  a t  20 1teV f o r  the  cross  s e c t i o n  
of 100 l a r g e r .  
The experimental se tup was s i m i l a r  t o  t h a t  
have been i n  good agreement wi th  t h e o r e t i c a l  
expec ta t ions ,  showing the  s in220 d i s t r i b u t i o n  expected 
descr ibed i n  the  preceding con t r ibu t ion ,  but with a of an E2 t r a n s i t i o n .  At 376 MeV, where only a smal l  
modified charged p a r t i c l e  te lescope t o  allow de tec t ion  amount of da ta  e x i s t s Y 5  s t rong  dev ia t ions  from the  
of the  low energy y4He r e c o i l s .  Detection of both t h e  s in229 -shaped angular d i s t r i b u t i o n  were repor ted and a 
photon and the  outgoing r e s i d u a l  nucleus gave very maximum i n  d i f f e r e n t i a l  cross  s e c t i o n  was observed a t  
c l ean  spec t ra ,  with the  He background from competing 9cm=900 i n s t e a d  of the  expected minimum value. 
r eac t ions  es t imated t o  be about 2-3%. Preliminary ana lys i s  of the  da ta  shows a 4 ~ e  peak 
